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When you're preparing for the AP Biology exam, Chapter /16—Cellular Respiration and Fermentation—often stands
out as one of the most conceptually dense sections. The processes described in this chapter are the backbone of
metabolic pathways that power every living cell, and they form a large portion of the exam’s content. In this
comprehensive guide, we'll walk through the essential topics, provide clear explanations, and give you a collection

of ap bio chapter 16 reading guide answersthat you can use to test your understanding. Whether you're a
first time AP student or a seasoned test taker looking to sharpen your knowledge, this resource will help you tackle
the chapter with confidence.

Why Chapter /16 Matters in the AP Biology Exam

Chapter 16 covers the fundamental processes of energy extraction and storage in cells. The AP Biology exam
places a strong emphasis on metabolic pathways, and the ability to trace the flow of electrons and energy through
glycolysis, the citric acid cycle, and the electron transport chain is crucial for success. Moreover, the exam
frequently asks students to interpret metabolic diagrams, predict the effects of inhibitors, and explain how
organisms adapt to anaerobic conditions—all skills that are honed by mastering the content of this chapter.

Because the AP Biology curriculum is designed to reflect real world biology, understanding cellular respiration also
helps you appreciate how organisms manage energy under different environmental conditions. That real world
relevance makes the chapter both engaging and essential.

Key Topics Covered in Chapter 16

Glycolysis

Glycolysis is the first step in cellular respiration, occurring in the cytoplasm. It breaks down one molecule of glucose
into two molecules of pyruvate, yielding a net gain of two ATP molecules and two NADH molecules. Key points
include:

¢ Regulation of the pathway by phosphofructokinase 1 (PFK 1).
e The role of ATP and ADP in controlling the rate of the reaction.
e The importance of substrate level phosphorylation.

Link Reaction

The link reaction connects glycolysis to the citric acid cycle by converting pyruvate into acetyl CoA. This step takes
place in the mitochondria and produces NADH and CO,. It is a critical control point because it ensures that only
properly oxidized pyruvate enters the cycle.

Citric Acid Cycle (Krebs Cycle)
The citric acid cycle is a series of reactions that further oxidize acetyl CoA, producing NADH, FADH ,, and GTP (or

ATP). It's a closed loop that regenerates oxaloacetate, enabling continuous operation. Key concepts include:

e The production of high energy electron carriers.
e The role of the cycle in anaplerotic reactions.
* Regulation by the availability of NAD z and ATP.



Oxidative Phosphorylation and Electron Transport Chain

Oxidative phosphorylation is the stage where the majority of ATP is generated. Electrons from NADH and FADH ,
travel through the electron transport chain (ETC), creating a proton gradient that drives ATP synthase. Important
points:

e Complexes -1V and their electron carriers.
e The proton motive force and chemiosmosis.
¢ Oxygen as the final electron acceptor.

Fermentation Pathways

When oxygen is scarce, cells can switch to fermentation to regenerate NAD z. Two primary fermentation pathways
are:

¢ Alcohol fermentation (producing ethanol and CO ).
 Lactic acid fermentation (producing lactate).

Fermentation is less efficient than oxidative phosphorylation but is vital for survival under anaerobic conditions.

Essential Vocabulary and Concepts

Mastering the terminology used in Chapter 16 will help you decode exam questions and reading passages. Below
are key terms and their definitions:

e ATP (Adenosine Triphosphate) — the primary energy currency of the cell.

* NADH / FADH , — reduced electron carriers that donate electrons to the ETC.

¢ Oxidative Phosphorylation — ATP production via the ETC and chemiosmosis.

e Substrate Level Phosphorylation — direct transfer of a phosphate group from a substrate to ADP.

¢ Electron Transport Chain (ETC) — series of protein complexes that shuttle electrons and pump protons.
¢ Fermentation — anaerobic metabolic process that regenerates NAD z.

¢ Link Reaction — conversion of pyruvate to acetyl CoA.

¢ Glycolysis — breakdown of glucose into pyruvate.

« Citric Acid Cycle — cyclic series of reactions that oxidize acetyl CoA.

Sample Reading Guide Questions and Answers

Below you'll find a set of practice questions that mirror the style and difficulty level of those you might encounter on
the AP Biology exam. Each question is followed by a detailed answer and explanation.

Answer:Two ATP molecules are consumed and two ATP molecules are produced, resulting in a net gain of two
ATP.

Explanation:The investment phase of glycolysis uses two ATPs to phosphorylate glucose and its intermediates.
The payoff phase generates four ATPs via substrate level phosphorylation, yielding a net of two ATPs.

Question: Which enzyme is the main regulatory point of glycolysis, and what metabolite inhibits it?
Answer: Phosphofructokinase 1 (PFK 1) is the main regulatory enzyme, and it is inhibited by ATP.

Explanation:PFK 1 catalyzes the conversion of fructose 6 phosphate to fructose 1,6 bisphosphate. High ATP levels
signal that the cell has enough energy, thereby slowing glycolysis.

Question: What is the primary product of the link reaction, and why is it essential for the citric acid cycle?



Answer:The primary product is acetyl CoA, which is essential because it provides the two carbon unit that enters
the citric acid cycle.

Explanation:Acetyl CoA combines with oxaloacetate to form citrate, the first step of the cycle. Without acetyl CoA,
the citric acid cycle cannot proceed.

Question: How many ATP molecules are generated per molecule of glucose during oxidative phosphorylation?
Answer: Approximately 28—-30 ATP molecules per glucose molecule.

Explanation:NADH produced in glycolysis, the link reaction, and the citric acid cycle donate electrons to the ETC,
generating ATP via chemiosmosis. The exact number varies slightly depending on the organism and measurement
method.

Question: In which cellular condition is lactic acid fermentation most likely to occur, and what is the end product?

Answer:Lactic acid fermentation occurs under anaerobic conditions (e.g., intense muscle activity), producing
lactate.

Explanation:Without oxygen, cells must regenerate NAD z to keep glycolysis running. Lactate dehydrogenase
converts pyruvate to lactate, oxidizing NADH to NAD z.

Question:Which component of the electron transport chain is the final electron acceptor, and what molecule does
it form?

Answer: Oxygen is the final electron acceptor, forming water.

Explanation:At Complex 1V, electrons are transferred to oxygen, which combines with protons to produce water.
This step is essential for maintaining the proton gradient.

Question: What role does the proton motive force play in ATP synthesis?
Answer: The proton motive force drives ATP synthase to convert ADP and inorganic phosphate into ATP.

Explanation:Protons flow back into the mitochondrial matrix through ATP synthase, causing the enzyme to rotate
and catalyze the formation of ATP.

Question: Which metabolic pathway is more efficient in terms of ATP yield, and why?

Answer:Oxidative phosphorylation is more efficient because it produces the majority of ATP (~28-30 ATP per
glucose) compared to fermentation (~2 ATP).

Explanation:Oxidative phosphorylation harnesses the energy stored in NADH and FADH ,, allowing the cell to
extract more energy from glucose.

Question: During which step of cellular respiration is the maximum number of NADH molecules generated?
Answer: The citric acid cycle generates the maximum number of NADH molecules.
Explanation: Each turn of the cycle produces three NADH molecules, plus one FADH , and one GTP (ATP).
Question: What is the effect of inhibiting complex | of the electron transport chain?

Answer: In
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